In this study, we applied ITS-RFLP analysis to type F. pedrosoi, which had already been typed by mtDNA analysis. We then investigated the base sequences of the ITS regions of Abstract The restriction fragment length polymorphism RFLP in the internal transcribed spacer (ITS) region of the nuclear ribosomal RNA gene rDNA was analyzed on Fonsecaea pedrosoi isolates kept in the Department of Dermatology, Kanazawa Medical University, Japan.
Introduction
The fungus Fonsecaea pedrosoi is a major cause of chromoblastomycosis and phaeohyphomycosis. Kawasaki et al. 1 classified 120 F. pedrosoi strains into 7 types on the basis of restriction fragment length polymorphism RFLP of mitochondrial DNA mtDNA using the restriction enzyme Hae III. They reported a link between the types and their geographical distribution and commented on the usefulness of the method for identifying and typing the species. On the other hand, Untereiner and Naveau 2 described the phylogenetic relations of several species of pathogenic black fungi including Herpotrichiellaceae, based on the internal transcribed spacer ITS 1, 5.8S rDNA, ITS 2, and 28S rDNA of their nuclear ribosomal RNA gene rDNA . In their study, they investigated one strain of F. pedrosoi CBS 271.37 , but they neither investigated the intra-species variations nor typed the strain.
In 1999, Caligiorne et al. 3 performed RFLP analysis on small-subunit rRNA gene regions and ITS regions of 7 black fungi. They studied 12 strains, including 3 strains of F. pedrosoi and representatives of each type and compared the differences that exist within each type and those between types. We used the information to construct a phylogenetic tree and compared it with a corresponding tree based on mtDNA sequences.
Further, to investigate whether ITS-RFLP can be used for identifying F. pedrosoi, we compared the results for F. pedrosoi with those for representative strains of 11 other pathogenic species of dematiaceous fungus.
Materials and Methods

Species and strains
One hundred thirty-one strains of F. pedrosoi kept in the Department of Dermatology, Kanazawa Medical University Table 1 were used and, for comparison, representative strains of 11 other species of dematiaceous fungi Table 2 . The type classification based on mtDNA-RFLP of the F. pedrosoi strains and the strains' geographical origins are shown in Table  1 .
Experimental methods
The base sequence of the ITS region in F. pedrosoi IFM 4887 CBS 271.37: type strain were obtained from GenBank. The computer software GENETYX-MAC version 10.1 Software Development Co., Ltd., Tokyo, Japan was used to select 2 restriction enzymes, Dde I and Msp I, which are capable of cutting the ITS region into fragments of appropriate length and number. Total DNA was extracted from each strain and the ITS regions of the rDNA was amplified by polymerase chain reaction PCR using the pair of primers ITS 1 and ITS 4 4 .
PCR products were digested with the restriction enzymes Dde I or Msp I, and then subjected to electrophoresis. The F. pedrosoi were classified into types according to their RFLP patterns.
. Total DNA extraction for PCR
Total DNA were extracted by the modified Makimura's method 5 
The mixture was agitated, and allowed to stand at 20 C for 10 minutes. After centrifuging at 12,000 g for 5 minutes, the supernatant was transferred to a new tube, to which 400 l of phenol/chloroform was added. The mixture was centrifuged at 19,000 g for 15 minutes, and the supernatant was transferred to another tube to which 400 l of chloroform was added. This mixture was centrifuged at 19,000 g for 20 minutes, and the supernatant was transferred to a new tube, to which 350 l of propanol was added. After mixing, the solution was centrifuged at 19,000 g for 20 minutes. The propanol was then discarded, 200 l of 70% ethanol was added, and the mixture was centrifuged at 19,000 g for 20 minutes. Then ethanol was removed. After allowing it to stand at room temperature for 10 minutes, 30 l of ultra-pure water was added to dissolve the DNA. The solution was refrigerated and 2 l used as a template for PCR.
. PCR
For PCR, a TaqDNA Master Mix Kit QIAGEN GmbH, 40724 Hilden, Germany was used. PCR was performed using a 20 l mixture consisting of 2 l of the template, 0.2 l of Taq DNA polymerase, 2 l of 10 buffer, 4 l of Q solution, 0.2 l of dNTP 10 mM , 0.2 l of primer ITS1 50 M , 0.2 l of primer ITS4 50 M , and 11.2 l of dH 2 O. The thermal cycler was set at 94 C for 4 minutes, 35 cycles of 94 C for 1 minute, 58 C for 2 minutes and then 72 C for 1.5 minutes, after which it was maintained at 4 C. 
. Digestion of PCR products with restriction enzymes
Five microliters of PCR products was mixed with 1 l of either the restriction enzyme Dde I or Msp I TOYOBO, Osaka, Japan , 1.5 l of high or medium buffer TOYOBO , respectively, and 7.5 l of ultra-pure water, and incubated at 37 C for 1 hour.
. Detection of RFLP patterns
Five microliters of the digested PCR products was mixed with 1 l of loading dye, loaded on a 6% acrylamide gel, and subjected to electrophoresis at 100 V. After 45 min, the gel was stained with 5 g/ml of ethidium bromide solution, and the electrophoretic patterns were photographed under a transilluminator. Steps 1 through 4 took about 8 hours.
. Nucleotide sequence
The rDNA-ITS regions of representative strains that had been classified by Kawasaki et al. 1 into 7 types Fp1 to Fp7 according to their mtDNA-RFLP, were amplified by PCR using the primers ITS1 and ITS4 together. After agarose gel electrophoresis, PCR products of approximately 0.6 kb were recovered from the agarose gel by a TOYOBO DNA purification kit TOYOBO . Using the recovered DNA as a template and using the same primers, they were labeled by a cycle sequencing reaction with ABI Prism Big Dye TM Terminator Cycle Sequencing Ready Reaction Kits PE Biosystems, USA . The base sequence was automatically read by an ABI PRISM TM 310 Genetic Analyzer PE Biosystems . The sequencing reaction was repeated a total of 3 times for each strain using primers ITS1, ITS2, ITS3, and ITS4.
The base sequence alignment was done using gene analysis software, GENETYX-MAC 10.1 and then modified manually. The NJ tree was reconstructed by the software using the sequence of the ITS regions of P. verrucosa NIH 8701 , obtained from GenBank, as an out-group. Four ITS-RFLP patterns M1 -M4 were observed when digested with Msp I. M1 had three bands of 500, 100 and 50 bp, M2 had 4 bands of 400, 120, 100 and 50 bp, M3 had 4 bands of 300, 150, 120 and 60 bp, and M4 had 4 bands of 350, 120, 100 and 50 bp Fig. 1 . Compared with mtDNA-RFLP patterns Fp1 -Fp7 reported by Kawasaki et al. 1 , without exception, M1 strains corresponded to the Fp1, Fp3, and Fp4 strains, M2 strains to the Fp2 and Fp7 strains, M3 strains to the Fp5 strains, and M4 strains to the Fp6 strains. When the electrophoretic patterns of the Dde I digests and the Msp I digests were considered together, the 131 strains could be classified into 6 types: D1M1 hereafter referred to as rDNA-type 1 , D2M1 rDNA-type 2 , D2M2 rDNA-type 3 , D3M1 rDNA-type 4 , D4M3 rDNA-type 5 , and D5M4 rDNA-type 6 . Compared with typing based on their mtDNA, rDNA-type 1 strains corresponded to the Fp4 strains, rDNAtype 2 to the Fp1, rDNA-type 3 to the Fp2 and Fp7, rDNA-type 4 to the Fp3, rDNA-type 5 to the Fp5, and rDNA-type 6 to the Fp6. Fp2 and Fp7 could not be differentiated by ITS-RFLP in the present study. These results are summarized in Table 1 . The ITS-RFLP of F. compacta had the rDNAtype 1 D1 and M1 pattern. Furthermore, the ITS-RFLP patterns of the 11 species of phaeoid fungi were different from those of F. pedrosoi Fig. 2, 3 .
Results
Each
Gene analysis
The base sequences of the ITS regions of the 18 strains were registered in GenBank and their accession numbers are shown in Figure 4 . The maximum base sequence differences were 6 out of 647 among the 4 rDNA-type 1 strains, 8 out of 646 among the 4 rDNA-type 2 strains, 3 out of 643 among the 5 rDNA-type 2 strains, and 0 out of 647 among the 3 rDNA-type 4 strains.
A tree for 17 strains of F. pedrosoi and 1 strain of F. compacta is shown in Figure 4 . The tree is mainly divided into 3 branches, with rDNA-type 1 -4 and F. compacta forming one, and rDNA-type 5 and rDNA-type 6 forming the other two. The branching closely matches that in the tree for the 7 types classified by their mtDNA, though the branch for Fp7 branches off further from Fp2 in the mtDNA classification.
Discussion
One-hundred-thirty-one strains of F. pedrosoi were classified into 6 types based on two sets of ITS-RFLP patterns obtained by two restriction enzymes. RFLP patterns of all 6 types differed from those of the 11 other species of dematiaceous fungi, indicating that F. pedrosoi can be clearly identified, typed and differentiated by ITS-RFLP analysis.
In the present study, however, the Fp2 and Fp7 strains of Kawasaki et Comparison of the base sequences of ITS regions of 6 rDNA-types showed that the differences within each type 0 -7 bases were clearly smaller than those between types 13 -72 bases , and the strains of each rDNA-type formed a clade on the phylogenetic tree. Therefore the classification of the F. pedrosoi strains based on ITS-RFLP with Dde I and Msp I is phylogenetically reliable.
Whether F. pedrosoi and F. compacta are actually separate species has been a topic of discussion 6 -8 . In their molecular biology, however, mtDNA analysis has shown them to be conspecific 9 . Attili et al. 10 performed rDNA-RFLP analysis and determined the base sequence of the ITS 1 region in 13 strains of F. pedrosoi and 3 F. compacta; they reported that the two fungi could not be distinguished by genetic analysis. Furthermore, Caligiorne et al. 11 claimed that they could not be distinguished by the random amplification of polymorphic DNA RAPD analysis. Moreover, Abliz et al. 12 reported similar results using the species-specific primers for F. pedrosoi. Although the strains used were different from theirs, in the present study F. compacta showed the same RFLP patterns as those of rDNA-type 1 F. pedrosoi, strongly suggesting that F. pedrosoi and F. compacta are conspecific.
Furthermore, considering that recombination of the nuclear rDNA can occur during sexual reproduction and that mtDNA is inherited through the maternal cytoplasm, the fact that the typing based on the rDNA agrees with the typing based on the mtDNA seems to imply that F. pedrosoi has been reproducing only asexually for a very long time, and during this period differentiated into several types.
From a phylogenetic tree based on mtDNA analysis, Kawasaki et al. 1 suggested that Fp1 rDNA-type 2 , which is distributed extensively throughout Asia and Africa, might be a more ancient strain than Fp4 rDNA-type 1 , which is predominant in North and South America.
From the phylogenetic tree based on base sequences, we suggest that rDNA-types 5 and 6 diverged first in South America, followed later by the divergence of rDNA-types 1 -4 diverging one after the other. It is hard to tell the sequence in which rDNA-types 1 -4 diverged, however, because they are extremely closely related to each other.
Until now, F. pedrosoi has been identified by its morphological features. However, since the variety of morphological features of all the fungi is so vast, identification by morphology is not always possible. In comparison, ITS-RFLP analysis is superior in that it is much faster and less laborious. Moreover, ITS-RFLP analysis can be used reliably to type even a small amount of fungus taken from just a part of a cultured colony. The results are highly reproducible and a large number of samples can be analyzed at the same time. We consider ITS-RFLP analysis to be extremely useful for molecular epidemiological studies, as it reveals geographical specificity.
